cancer and histologically confirmed SCLC except for 15 patients from whom only cytological material was available. Before treatment, the patients were classified as having limited or extensive disease (LD/ED) on the basis of clinical examination, chest X-ray, bone-marrow aspiration and biopsy from the iliac crest (unilateral: ten patients; bilateral: 130 patients; not done: ten patients), and ultrasound of the liver with biopsy, if possible, of suspect regions. LD was defined as disease confined to one hemithorax excluding proven malignant pleural effusion and chest wall metastases. Ipsilateral supraclavicular lymph nodes were included in the criteria of LD. Performance status (PS) was scored according to the WHO system. Various biochemical tests, including complete blood counts, plasma sodium, LDH, aspartate aminotransferase (AST) and alkaline phosphatase (AP) were done. The pretreatment characteristics for the patients are shown in Table 1 . All samples including plasma for CgA analysis were collected before the initiation of chemotherapy. Patients were treated according to treatment protocols including combinations of platin analogues, podophyllotoxin derivatives, alkylating agents and vinca alkaloids (Hirsch et al, 1994) . None of the protocols included either surgery or radiotherapy. Follow-up time for seven (8%) long time survivors was for a minimum of 5 years. Control subjects were 28 healthy persons.
Blood samples were collected into tubes containing 3.9 µmol ethylene-diaminetetraacetate (EDTA) per ml of blood and kept Chromogranin A, a significant prognostic factor in small cell lung cancer 
Statistical analysis
Difference between values were tested for statistical significance by Mann-Whitney test, as the values were not normally distributed. Lifetable probabilities of overall survival were performed by the Kaplan-Meier method (Kaplan and Meier, 1958) , and differences in survival between subgroups of patients were compared with the log-rank test (Mantel, 1996) plus the test for trend if there was a natural ordering of categories on the factor (Tarone, 1975) . Overall length of survival was measured from the day chemotherapy was initiated. A P-value < 0.05 was considered significant. The prognostic impact of the following pretreatment variables was investigated by the use of Cox's proportional hazards multivariable regression model (Cox, 1972) : sex, age, stage of disease, PS, LDH, sodium, AST and AP. Together with these variables, which have all previously been shown to be prognostic factors, CgA was included. All variables were divided into clinically meaningful groups ( Table 2 ). All variables were included in the initial model and excluded step-wise based on the partial likelihood ratio test statistic. Log minus log survival plots were made to check for proportionality between death hazards. Finally, an algorithm for prognostic categorization was created based on the regression coefficients in the final model.
The statistical procedures were done on a PC using the SPSS/7.0 (SPSS Inc., Chicago, IL, USA) software and the BMDP statistical software (UC Press, Berkeley, CA, USA).
RESULTS
Median CgA-value from the healthy persons was 0.76 nmol l -1 (range 0.47-1.10). Values above the 97.5th percentile -1.10 nmol l -1 -were considered to be abnormally high/positive. The CgA values for the 150 patients were as follows: median 0.89 nmol l -1 (range and inter-quartile range: 0.25-9.08 and 0.59-1.39) and 37% had positive values. Patients with LD had a median CgA-value of 0.85 nmol l -1 (range and inter-quartile range: 0.30-6.34 and 0.59-1.1) and with ED had a median CgA-value of 0.97 nmol l -1 (range and inter-quartile range: 0.25-9.08 and 0.59-1.73). Patients with SCLC had significantly higher CgA than the control group (P = 0.049). For patients with LD, 27% had elevated values, whereas 48% of patients with ED had elevated values. The concentrations in ED were significantly higher than in LD (P = 0.039) and the group of healthy persons (P = 0.017). The results are shown in Table 3 . The CgA values were not related to specific patterns or number of metastases.
Patients with positive pretreatment CgA values lived significantly shorter (P = 0.001) compared to patients with normal CgA values (Figure 1 ). The median survival and 95% confidence interval (CI) for patients with increased pretreatment CgA is 196 days (40-352) and 342 days (288-396) for patients with normal CgA values.
In order to study the influence of CgA beyond the first 30 days from the start of treatment (i.e. beyond the period of early death) another survival analysis was performed (Figure 2 ). There were 28 early deaths: progressive SCLC = 15, toxic death = six, 'unknown' = four and cardiovascular incidents = three. Pretreatment CgA maintains its negative impact on survival after the first 30 days (P = 0.03).
In order to evaluate the prognostic influence of CgA compared to other known prognostic factors, a multivariate regression analysis was performed. Results of univariate analyses are summarized in Table 2 , which also shows the categorization (scoring) of the variables. The final Cox model is shown in Table 4 . No significant interaction between the influences of P-CgA, PS, stage or S-LDH was found. The prognostic information of these four variables could be combined into a prognostic index such as PI = 0. cantly higher values compared to patients with a smaller tumour burden (LD). Survival is significantly worse for patients with elevated CgA values and CgA is a significant prognostic factoralso in multivariable analysis. To our knowledge, the only other Cox analysis including CgA in SCLC is Johnson et al (1993) . Their model included NSE and albumin, and other cut-off levels were used in LDH, PS, CgA and sodium. Their final Cox model included NSE, PS and albumin, but this difference compared to our model may be accidental considering that 101 patients in their series, and 150 patients in our series, only enable identification of few (three to four) influential factors. The purpose of the study was to evaluate the clinical usefulness of CgA as a prognostic factor and marker of disease activity -but not as a tool for screening. Therefore a 'reference group' of only 28 healthy individuals was accepted and tested. For healthy adults, the CgA values are not sex-or age-dependent Hsaio et al, 1991) . Our study has not been able to confirm previous findings of elevated CgA in about 50% of patients with LD and in about 70% of patients with ED (Sobol et al, 1986; Johnson et al, 1993) . Differences in analysis methods and material (serum instead of plasma) are the most plausible reasons for this. Chromogranin is probably a pro-hormone and several degradation products are known (Helle and Angetti, 1994) .
Precisely which is measured with the ELISA method needs clarification, and variability from one ELISA test to another could be a reason for lower values in this series.
Chromogranin A is a major constituent of catecholamine storage vesicles and it is released with epinephrine and norepinephrine during exocytosis. One could therefore expect physiological factors such as circadian cycle and stress to influence the concentrations of CgA. All plasma samples were taken in the morning before the patients got out of bed but not necessarily fasting. However, eating does not influence CgA (Takiyyuddin et al, 1990) . Another factor of influence is the kidney function (Hsiao et al, 1990 ), but only one patient had a slightly increased pretreatment creatinine; and the elevated CgA value in this patient (3.67 nmol l -1 ) is best explained by extensive disease stage. Several parameters have been analysed for prognostic value in SCLC. The best described prognostic biochemical factor is LDH (Østerlind et al, 1986; Buccheri and Ferrigno, 1994) . However, LDH is elevated in various malignant and non-malignant conditions including inflammation. Even though increased plasma CgA is not specific for SCLC, CgA is theoretically a much more specific marker for SCLC, since CgA apart from brain and adrenals only is present in tumour cells, whereas LDH is present in the cytoplasm of all cells in the body. It is therefore meaningful 
